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海桑属红树植物次生木质部解剖特征及其
对潮间带生境的适应
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摘 　要 　通过光学显微镜和扫描电子显微镜详细观察了相似生境条件下生长的海桑属 ( Sonneratia) 植物以及低、高
潮位生长的海桑 ( S . caseolaris)和杯萼海桑 ( S . alba)次生木质部的形态特征 ,应用 Lasersharp 软件测量了其次生木
质部的数量特征。结果表明 :海桑属植物次生木质部形态特征的特化是与潮间带生境相适应的 ,能在水分胁迫的
生境中 ,有效地协调水分输导的有效性和安全性。其特化结构主要包括 :1) 宽、窄导管并存 ,2) 管孔密度较大 ,复孔
率高 ,3)存在纤维状导管、形状不规则的导管和少量环管管胞 ,4)螺旋雕纹、附物纹孔、管壁具疣等许多导管壁的微
观结构 ,有利于水分输导的安全性 ,5)射线细胞和分隔木纤维内的淀粉粒是渗透调节的物质基础 ,有利于促进水分






海桑的木材结构有更小的管孔面积 ,更厚的纤维壁 ,更低的导管比率和射线比率 ,更高的纤维比率 ,胶质纤维分布
均匀且数量增加 ,这些特征有利于低潮位生境生长的海桑和杯萼海桑提高木材的韧性和强度 ,增强抗风浪冲击的
能力。
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Abstract 　This study of the wood anatomy of Sonneratia was undertaken to explore the relationships between
wood structure and its adaptive significance to mangrove habitats. The morphological features of the secondary
xylem of six Sonneratia species growing in similar tidal habitats as well as individuals of S . caseolaris and S .
alba growing in low and high tidal zones , respectively , were studied in detail by means of optical microscope
and scanning electron microscope. Both the interspecific variation of the quantitative features in secondary
xylem of Sonneratia species growing in similar habitats and the intraspecific variations of the secondary xylem
of S . caseolaris and S . alba growing at low and high tidal zones , were analyzed using Lasersharp software.
We reached several conclusions. First , the specialized wood structure in Sonneratia growing in similar habitats
can both efficiently and safely conduct water and are thus adaptive to intertidal habitats. These characteristics
include the occurrence of : 1) wide and narrow vessel elements (pores) ; 2) high pore density and a high per2
centage of pores in clusters ; 3) some fibriform vessel elements , irregular vessel elements and a few vascular
tracheids in the secondary xylem ; 4) vesturing in pits of vessels and helical structures on vessel walls ; 5)
starch grains in ray cells and septate fibers ; 6) wide lumen in fibers ; and , 7) gelatinous fibers. Second , the
interspecific quantitative features in secondary xylem of Sonneratia species growing in similar habitats vary
tremendously. In comparison to other Sonneratia species growing in similar habitats , S . caseolaris [pore den2
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sity : 66. 70 ±44. 53 per mm2 , tangential pore diameter : (64. 08 ±17. 41) μm , tangential diameter of the 50
largest pores : (87. 23 ±8. 58) μm] and S . caseolaroides [pore density : 48. 90 ±24. 73 per mm2 , tangential
pore diameter : (63. 09 ±15. 20)μm , tangential diameter of the 50 largest pores : (87. 76 ±7. 10)μm] trans2
port water through wider and fewer vessels which contribute to greater conductive efficiency (the values of esti2
mated specific conductance are 1 124. 65μm2 and 774. 73μm2 in S . caseolaris and S . caseolaroides , respec2
tively. The values of mesomorphy are 316. 54 and 472. 75 in S . caseolaris and S . caseolaroides , respective2
ly) , but conductive safety is decreased (the values of vulnerability are 0. 96 and 1. 29 in S . caseolaris and S .
caseolaroides , respectively) . On the contrary , S . alba [pore density : 79. 03 ±22. 26 per mm2 , tangential
pore diameter : (41. 89 ±10. 30) μm , tangential diameter of the 50 largest pores : (60. 89 ±5. 26) μm] uses
a large number of narrower vessels rather than small numbers of wider ones , thereby achieving conductive safe2
ty (vulnerability : 0. 53) but conductive efficiency is reduced (estimated specific conductance : 243. 35μm2 ,
mesomorphy : 156. 04) . Third , vessel elements of S . caseolaris and S . alba growing in the low tidal zone
tend to be narrower in tangential pore diameter than those growing in the high tidal zone. Tangential pore diam2
eters of S . caseolaris growing in low and high tidal zones were (52. 36 ±13. 84) μm and (61. 03 ±17. 82)
μm respectively , and (37. 46 ±9. 86) μm and (44. 35 ±11. 44) μm for S . alba in low and high tidal zone ,
respectively. Vessel elements were shorter in length [ (315. 26 ±96. 34)μm and (359. 45 ±79. 35) μm in S .
caseolaris and (287. 64 ±66. 58) μm and (311. 21 ±75. 46) μm in S . alba in low and high tidal zone , re2
spectively] and smaller in pore area [ (3 118. 57 ±1 079. 67) μm2 and (3 457. 61 ±1 354. 68) μm2 in S .
caseolaris , and (1 938. 49 ±832. 56) μm2 and (2 206. 38 ±775. 26) μm2 in S . alba in low and high tidal
zone , respectively] . Pore densities were higher (75. 62 ±32. 65 and 54. 23 ±28. 69 per mm2 in S . caseolaris
and 87. 56 ±40. 52 and 70. 33 ±33. 15 per mm2 in S . alba in low and high tidal zone , respectively) , and
occurred in larger clusters (vessel cluster size : 1. 746 ±0. 599 and 1. 498 ±0. 421 per cluster in S . caseolaris
and 1. 842 ±0. 711 and 1. 415 ±0. 812 per cluster in S . alba in low and high tidal zones , respectively) .
These anatomical features increase conductive safety when growing in the low tidal habitat (vulnerability : 0. 69
and 1. 13 in S . caseolaris and 0. 43 and 0. 63 in S . alba in low and high tidal zone , respectively) , but de2
creases the conductive efficiency (mesomorphy : 218. 29 and 404. 52 , and estimated specific conductance :
568. 38 and 752. 34μm2 in S . caseolaris , mesomorphy : 123. 06 and 196. 06 , and estimated specific conduc2
tance : 172. 42 and 272. 09μm2 in S . alba in low and high tidal zone , respectively) . Fourth , when compar2
ing S . caseolaris and S . alba growing in the high tidal zone to those growing in the low tidal zone , those in
the low tidal zone tend to have greater pore area , thicker fiber wall [ (1. 93 ±0. 63) μm and (1. 57 ±0. 71)
μm for S . caseolaris , and (2. 68 ±0. 87) μm and (2. 13 ±0. 59) μm for S . alba in low and high tidal
zones , respectively] , lower vessel proportion (19. 65 % ±9. 34 % and 24. 34 % ±13. 56 % in S . caseolaris ,
11. 69 % ±6. 73 % and 18. 33 % ±8. 16 % in S . alba in low and high tidal zone , respectively) , lower wood
rayproportion (12. 39 % ±7. 45 % and 15. 11 % ±8. 12 % in S . caseolaris , 17. 69 % ±7. 42 % and
20. 55 %±10. 55 % in S . alba in low and high tidal zones) , higher fiber proportion (65. 55 % ±24. 56 %
and 58. 29 % ±26. 81 % in S . caseolaris , 69. 62 % ±31. 67 % and 60. 12 % ±29. 71 % in S . alba in low
and high tidal zone , respectively) ,and have more gelatinous fibers (6. 43 % and 3. 75 % in S . caseolaris ,
7. 41 % and 4. 16 % in S . alba in low and high tidal zone , respectively) which is uniform in distribution.
These characteristics increase wood strength by increasing the proportion of the wood volume that consists of
fibers and are an adaptive anatomical feature for species growing in the low intertidal zone habitat .
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　　红树林是一类特殊的湿地生态系统 (Lin ,
1999) ,关于红树植物木材解剖学方面的研究过去开
展的工作较为广泛 (Jansonnius , 1950 ; van Vliet ,













桑 ( Sonnertia caseolaris)和杯萼海桑 ( S . alba) 次生木
质部的解剖特征进行详细研究 ,旨在探讨木材结构
特征对潮间带生境的适应。
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1 　材料和方法
1. 1 　实验材料
1. 1. 1 　相似生境条件下生长的海桑属植物的木材
取样
选用海桑科海桑属 6 种红树植物海桑、杯萼海
桑、海南海桑 ( Sonneratia hainanensis ) 、卵叶海桑 ( S .
ovata) 、无瓣海桑 ( S . apetala ) 、拟海桑 ( S . caseo2
laroides) ,均采自海南省东寨港红树林自然保护区。
实验材料株龄 10 年、株高约 8 m、取生长年龄一




自种群中的 5 株标准木 ,一共 90 个样品制成切片。













短。采样方法同 1. 1. 1。约 80 个样品制成切片。
1. 2 　制片方法





















面上管孔甚多 ,多数为复管孔 (图 1-1) ;2) 导管分子
长度短 ,壁薄 (图 1-2) ,壁上有颗粒状的疣 ,颗粒状的
疣大量聚集 ,有时连成片状附物 (图 1-3) ,除颗粒状
的疣外 ,导管壁上具螺旋雕纹 (图 1-4) 或增厚 (图 1-




Fig. 1 　Photographs showing the morphological features of the secondary xylem of six Sonneratia species growing in the similar tidal habitats
1. 海南海桑横切面 Transverse section of S . hainanensis . Arrow shows vessels in radial multiple. ×100 　2. 海桑离析的导管分子 Macerated vessel
elements of S . caseolaris . ×400 　3. 海桑导管的侧壁 ,示颗粒状的疣及片状的附物 Vessel wall of S . caseolaris . Arrow shows small verruvae and lami2
nated vestures. ×3 500 　4. 卵叶海桑导管的侧壁 ,示螺旋雕纹 Vessel wall of S . ovata , showing helical sculture. ×5 000 　5. 拟海桑导管的侧壁 ,示壁
上增厚 Vessel wall of S . caseolaroides , showing helical thickening. ×3 500 　6. 杯萼海桑导管的侧壁 ,示浅沟及浅沟上的附物 Vessel wall of S . alba ,
showing grooves and vestures in the grooves. ×2 000 　7. 卵叶海桑离析的导管分子 ,箭头示纤维状导管分子 Macerated vessel elements of S . ovata. Ar2
row shows fibriform vessel element . ×350 　8. 杯萼海桑离析的导管分子 ,示不规则的导管分子 Macerated vessel elements of S . alba , showing irregular
vessel element . ×500 　9. 拟海桑导管侧壁 ,示附物纹孔 The vesturing in pits of vessels of S . caseolaroides . Arrow shows vesturing in the vessel-vessel pit2
ting. ×3 500 　10. 海桑导管-射线间纹孔对 ,示导管这边纹孔上方大小和形态变化较大的沟 Grooves above vessel pits in the vessel-ray pittings of S .
caseolaris vary in size and morphology. ×1 000 　11. 拟海桑导管腔内深色不定形沉积物 Amorphous dark- staining compounds in vessel lumens of S . caseo2
laroides . ×350 　12. 拟海桑导管腔内的侵填体 Tyloses in the vessel lumens of S . caseolaroides . ×750 　13. 无瓣海桑弦切面 ,箭头示分隔木纤维 Tan2
gential section of S . apelata. Arrow shows septate fibre. ×200 　14. 海南海桑纤维壁上的单纹孔 Simple pits in fibre wall of S . hainanensis . ×7 500 　
15. 杯萼海桑横切面 ,示胶质纤维 Transverse section of S . alba , showing gelatinous fibres. ×1 000 　16. 无瓣海桑横切面 ,箭头示晶体 Transverse sec2
tion of S . apelata , arrow shows crystal in ray cells. ×2 000 　17. 杯萼海桑横切面 ,箭头示射线薄壁细胞的淀粉粒 Transverse section of S . alba. Arrow
shows starch grain in ray cells. ×2 000 　18. 无瓣海桑离析的薄壁细胞 ,示射线穿孔细胞 Macerated perforated ray cell of S . apelata . ×2 000
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子 (图 1-8) ,导管具单穿孔 (图 1-7 ,8) ;4) 管间纹孔
互列式 ,具附物纹孔 (图 1-9) ,导管和射线细胞间纹
孔对具附物 ,导管-射线纹孔对中 ,导管这边的纹孔
上方有大小和形态变化较大的沟 (图 1-10) ;5) 导管
管腔内褐色不定形沉积物可见 (图 1-11) ,少数大导
管管腔内具侵填体 (图 1-12) ;6) 具少量环管管胞和
纤维管胞 ,大量不具穿孔的管状分子为韧型纤维 ,部
分韧型纤维具分隔 (图 1-13) ,分隔木纤维具淀粉粒
(图 1-17) ,韧型纤维具单纹孔 (图 1-14) ,壁上具疣及
螺旋增厚 ,胶质纤维易见 (图 1-15) ;7) 轴向薄壁细
胞稀少 ,为星散薄壁组织 ,径向薄壁细胞具晶体 (图
1-16) 、淀粉粒 (图 1-17) ,射线穿孔细胞可见 (图 1-
18) 。
2. 1. 2 　相似生境条件下生长的海桑属红树植物木
材结构的数量特征
海桑属红树植物木材结构的数量特征详见表 1。
具体地说 ,有以下几个特点 :1) 管孔密度较大 (PD 均
值范围为每 mm2 48. 90～89. 39 个导管之间) ;2) 复孔
率高 (VCS 均值范围为每群 1. 271～1. 635 个导管之
间) ;3)每一种类的平均管孔弦向直径远小于 50 个最
大管孔平均弦向直径 ;4)纤维 (平均)腔径的直径较大
(FLW均值在 10. 97～17. 22μm 之间) ;5)纤维壁的平
均厚度较薄 (FWT均值在 1. 52～2. 50μm 之间) ;6)杯
萼海桑具有最大的纹孔口长 (均值为 (3. 62 ±0. 95)
μm) 、纹孔口宽 (均值为 (1. 72 ±0. 56) μm)和纹孔口面
积(均值为 (4. 56 ±2. 91) μm2) ;7) 估定有效输导率
(ESC值在 243. 35～1 124. 65μm2 之间) 、脆度 (V 值在









纤维占木材横切面的百分率为 6. 43 % ,杯萼海桑为
7. 41 %) ,范围大 ;高潮位生长的海桑和杯萼海桑胶
质纤维分布不均匀 ,数量少 (海桑胶质纤维占木材横

















表 1 　海桑属 6 种红树植物次生木质部数量特征 (平均值±标准差)









































































































































































1. 29 472. 75
　　PD :管孔密度 Pore density 　VCS:管孔平均聚合程度Vessel cluster size 　TD :管孔弦向直径 Tangential pore diameter 　ESC:估定有效输导率 Esti2
mated specific conductance 　TD50 :50 个最大管孔弦向直径 Tangential diameter of the 50 largest pores 　VEL :导管分子长度 Vessel element length 　FWT:
纤维壁厚 Fiber wall thickness 　FLW:纤维腔径宽 Fiber lumen width 　PAL :纹孔口长 Pit aperture length 　PAW:纹孔口宽 Pit aperture width 　PAA :纹孔
口面积 Pit aperture area 　V :脆度 Vulnerability 　M:中性值 Mesomorphy
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表 2 　低、高潮位生长的海桑和杯萼海桑次生木质部数量特征的比较
Table 2 　Comparison of the quantitative characters in the secondary xylem of Sonneratia caseolaris and












































































1. 13 404. 52




















































0. 63 196. 06
t 检验 t test 33 33 33 NS 33 33 33 33 33 33
　　PD、VCS、VEL、TD、ESC、FWT、V、M:见表 1 See Table 1 　VWT:导管壁厚 Vessel wall thickness 　PA :管孔平均面积 Average pore area 　VP :导管比
率 Vessel proportion 　WRP :射线比率 Wood ray proportion 　FP :纤维比率 Fiber proportion 　33 : 经 t 检验后 ,差异极显著 ( p < 0. 01) Significant at







质部导管内有最强的负压 ,达 - 60 大气压 (Scholan2





方面 :1) 宽、窄导管并存。Zimmermann (1983) 认为 :
导管的宽、窄与水分输导的有效性和安全性有关 ,宽
导管的输导效率高 ,但较脆弱 ,易倒塌 ;窄导管的输
导效率虽低 ,但抗负压 ,不易倒塌。海桑属植物管孔
分布的一个特点是宽窄两种导管并存 ,其数量特征
表现为 :每一种类的导管弦向直径远小于 50 个最大










它导管继续流动 (Carlquist ,1988 ; Tyree ,1994 ; Zimmer2
mann ,1983) 。二是植物生理学的研究结果认为气体
栓塞 ( Embolism)引起导管输水率的丧失与导管密度































进水分上升的有效途径 (Biles & Abeles ,1991 ; Zim2








( Irvine & Grace ,1997 ; Zimmermann ,1983) 。海桑属薄













量指标 (Carlquist ,1975) ,估定有效输导率 ( Estimated
specific conductance) 是综合评价水分输导效率的指
标 (Mauseth & Plemones- Rodriguez ,1998) ,依据这 3 项






























负压 ,抗栓塞能力更强 ,有利于输导的安全性 (Car2
lquist ,1988 ;Zimmermann ,1983) 。
与高潮位生长的海桑和杯萼海桑相比 ,低潮位
生长的其木质部的导管聚合度更大 ,管孔密度也更




(小型化导管) 而导致输导效率的降低 ( Carlquist ,











积 ,更厚的纤维壁 ,更低的导管比率和射线比率 ,更
高的纤维比率 (表 2) ,胶质纤维分布均匀且数量增
加 ,这些特征有利于提高木材的韧性和强度 ,增强抗
风浪冲击的能力 (Carlquist ,1988 ;何川生等 ,1998) 。
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